Purpose: The purpose of this paper is to empirically verify characteristics of current warehouse locations of humanitarian organizations (based on public information) and to relate those to the model developed by Richardson et al. (2016) . Design/methodology/approach: This paper is based on desk research. Public data such as (annual) reports and databases are used to empirically verify location characteristics. Findings: A significant portion of our sample co-locates their products at UNHRD premises. This indicates that organizations prefer to cluster warehouse activities, particularly when there is no fee involved for using the warehouse (as is the case in the UNHRD network). We find that the characteristics of the current warehouse locations are aligned with literature on location selection factors. Current location can be characterized by infrastructure characteristics (in particular closeness to airport and safety) and by low occurrence of disasters. Other factors for which we did not find evidence for were labor quality and availability as well as political environment.
Introduction
Humanitarian logistics has a high level of complexity due to the physical and geographical environment of the places where disasters strike. As a result, affected areas are often hard to reach. To achieve efficient and effective humanitarian relief it is important that humanitarian organizations have their warehouses in appropriate locations. The locations of these warehouses have a direct influence on the response time of humanitarian organizations . When disaster strikes basic items such as water and food need to be distributed as fast as possible to cover initial needs. Also hygiene kits, sanitary items as well as medication are important in that early response phase, because of the risk of various diseases (MSF Annual report, 2011) . In order to fulfill these needs some humanitarian organizations locate their items to serve a region, for example, per continent such as at IFRC (Gatignon, Van Wassenhove, & Charles. 2012 ). Another option is that humanitarian organizations place their inventory in the country they want to serve (Richardson and de Leeuw, 2012) .
Facility location models and the associated factors that are relevant in determining warehouse locations form a topic of frequent discussion in the commercial domain, see eg . Farahani Bajgan, Fahimnia, and Kaviani (2015) Melo, Nickel, and Saldanha-da-Gama (2009) and MacCarthy and Atthirawong (2003) . Many factors influence the selection of the location of a facility, though often the dominating factor is costs (MacCarthy and Atthirawong, 2003) . The MacCarthy and Atthirawong (2003) research also showed that site selection factors are industry-specific because each industry has different characteristics and strategies. For example, for humanitarian organizations the delivery time is expected to be important because people's lives are at stake. When stocks are strategically placed, the delivery time of the goods to the affected area can be reduced (Duran, Guiterrez, & Keskinocak 2007, Balcik and . Empirical research into location factors of humanitarian organizations is scant, with most of the research being anecdotal in nature. The only structured attempt to organize factors that impact facility locations of humanitarian organisations has been undertaken by Richardson et al. (2016) , yet their work focuses on input from users rather then an analysis of the actual locations.
In this paper we build on Richardson, de Leeuw, and Dullaert (2016) . We base our theoretical starting point on their analysis of factors deemed relevant for warehouse facility location in humanitarian organizations. We aim to empirically verify characteristics of current warehouse locations of humanitarian organizations (based on public information) and to relate those to the model developed by Richardson et al. (2016) .
The remainder of this paper is organized as follows: section two consists of a literature review and section three discusses the methodology for this research. The results will be described and analyzed in section four. Finally, section five discusses the results and describes the conclusion, limitations and future research.
2: Literature Review

Facility location in humanitarian supply chains
The basic goal of emergency aid or disaster relief is to minimize the impact of disasters and reduce the suffering of affected people (Kelly, 1995) . It is therefore important to rapidly provide appropriate emergency supplies to the people affected so the human suffering can be minimized (Balcik, Beamon, & Smilowitz, 2008) . Designing an efficient and effective humanitarian supply chain is a key challenge for humanitarian organizations. Humanitarian supply chains differ from regular supply chains because they are focused on minimizing loss of life and suffering, whereas commercial supply chains are mainly focused on quality and profitability (Campbell, Vandenbussche, & Hermann, 2008) . In fact, a humanitarian supply chain is one of the most dynamic supply chains in the world (Hoffman, 2005) . Every disaster is different and it is hard to tell what the impact will be on an area or country. The management of these humanitarian supply chains is complicated because the amount of experienced logistics experts available is limited and coordination between the involved parties is often minimal (Abu Nahleh, Kumar, & Daver, 2013) .
Timely distribution may be complicated because the infrastructure in the affected area is often damaged or difficult to reach . Furthermore, special care in transportation is needed due to the need to pay attention to food safety (e.g. expiration, temperature) as well as hygiene (Gaboury, 2005) . Several medicines and/or vaccines need to be transported in a refrigerated box because they need to be kept at the right temperature (UNICEF Annual Supply Report, 2012). These characteristics necessitate humanitarian organizations to engage in preparatory activities such as inventory prepositioning in warehouses. Ukkusuri and Yushimito (2008) define prepositioning as: 'the storage of inventory at or near the disaster location for seamless delivery of critical goods'. Prepositioning will reduce the lead-times for reaching places that are affected by a disaster. Time is an important factor in the relief process; especially the first 72 hours are critical (Abu Nahleh et al., 2013) . The survival rate in affected areas is influenced by the quick availability of critical supplies such as blood and water as well as resources. Critical supplies and relief personnel must therefore be transported quickly and efficiently to minimize the cost of the operations and maximize the survival rate of the affected people (Abu Nahleh et al., 2013) . All these aspects lead to supply chain challenges when disaster strikes.
Facility location is a key problem that is affecting the performance of relief operations considerably (Abu Nahleh et al., 2013) . Facility location concerns the placement of facilities taking several characteristics into account such as demand size and location (Caunhye, Nie, & Pokharel, 2012) . Simchi-Levi, Kaminsky, and Simchi-Levi (2008) state that business literature indicates that facility location decisions involve the number, location, size and capacity of each facility. These considerations also apply to the humanitarian sector (Richardson, de Leeuw, & Vis, 2010) . Facility location decisions have a direct impact of facilities on the operating cost and on the timeliness of response to the demand (Haghani, 1996) . In order to respond quickly to onset disasters, facility location and stock pre-positioning are therefore key decisions in humanitarian relief . Distributing relief items from strategically located warehouses improves the efficiency of disaster relief in economic terms, but also in terms of transportation efficiency, speed and demand satisfaction (Döyen, Aras, & Barbarosoğlu, 2011) . In humanitarian supply chains this may translate into minimizing transportation cost (Drezner, 2005) and transportation time (Akkihal, 2006) . In fact, within relief operations a faster delivery time will often be chosen over lower cost (Akkihal, 2006) .
A popular modeling approach in facility location is the covering problem. In covering problems customers receive service by facilities depending on the distance between customers and facilities (Farahani, Asgari, Heidari, Hosseininia, & Goh, 2012) . Customers receive service from a facility when the distance is equal to or lower than a predefined number -the so-called coverage distance or radius. With disaster relief, it is difficult to set such a requirement. Disaster relief supply chains have to deal with high levels of demand uncertainty and very high demands at short notice, damaged roads, chaotic victim behavior, fragile communication lines, short lead times, and with uncertainties about what relief items are actually needed (Abu Nahleh et al., 2013) . indicate that the dominating characteristics that bring complexity into disaster relief chains are the unpredictability of demand (timing, location, type and size), suddenly occurring demand (very large amounts) and short lead times required for many different supplies whereas stakes are high, and a lack of appropriate resources (supply, people, technology, transportation capacity and money). MacCarthy & Atthirawong (2003) investigated relevant factors affecting location decisions. Although this research was mainly focused on manufacturing organizations, these factors can also be applied to humanitarian organizations (Richardson et al., 2016) . MacCarthy & Atthirawong (2003) identified thirteen major factors. Each major factor also has specific subfactors covering quantitative and qualitative aspects that are relevant to location decisions. These include operational, strategic, economic, political, social and cultural dimensions. Richardson and de Leeuw (2012) and Richardson et al. (2016) have used the work of MacCarthy & Atthirawong (2003) to identify 10 main factors that have an influence on humanitarian inventory prepositioning locations. Their top five factors include: the cost of operating a facility, the speed of humanitarian response, availability and quality of labor, availability and quality of business and support services (which consist of standard business services (e.g., warehousing, handling) and specific business services (e.g., procurement), cf. Richardson et al. (2016) ) and availability and quality of infrastructure. The other factors in their top 10 are (cf. Richardson et al., 2016) : availability of suppliers, characteristics unique to the location (i.e., what gives a location an advantage over other potential facility locations (Ulgado 1996) , such as specialized space to carry out operations), government and political factors, economic factors and community environment (which relates to amongst others the community attitudes towards business), and social and cultural factors (which for example relates to the general level of acceptance of certain relief goods). These factors fit in the framework of MacCarthy & Atthirawong (2003) , though some factors are specific to humanitarian supply chains. In addition to the papers of MacCarthy & Atthirawong (2003) and Richardson et al. (2016) that summarize academic research in the area of factors affecting facility location we have investigated four industry reports that discuss location factors. We have selected these four industry reports in consultation with Dutch and Belgian facility location experts; these reports are considered key sources of information regarding facility location in Western European industry. The VIL, Flanders Institute for Logistics (2006) (2003) study, which is the key source for the Richardson et al. (2016) paper. We aim to empirically verify these frameworks by analyzing the actual location of warehouses using publicly available information. This restricts the factors that we can use since not all data may be available. In our research we focused on four factors: infrastructure, labor characteristics, government and political factors and characteristic unique to location. We left out costs since this cannot be estimated based on public sources. The only aspect related to costs that we can measure is the amount of organizations that make use of the United Nations Humanitarian Response Depot (UNHRD) network. Space is provided for free to the participating organizations (cf. Richardson et al., 2016 Richardson et al. (2016) . We could not take speed directly into account -a factor in the top of the list of Richardson et al. (2016) -since actual speed of delivery is not documented. However, as discussed in section 3 infrastructure contains distance to an airport or seaport. Quick access to ports contributes to speed in the supply chain. The other factor in the list of most decisive factors of Richardson et al. (2016) -availability and quality of business and support services -is also part of what we measure in infrastructure (logistics quality and competence of a location -see section 3).
Factors influencing new warehouse locations
3: Methodology
This section will describe the methodology that will be used in this paper. Our research can be classified as desk-research based on public secondary data. An advantage of using secondary data is that this type of data is easily accessible and can therefore be obtained relatively quickly (Malhotra and Birks, 2007) . For example, information about humanitarian organizations can be obtained relatively easily via their websites and/or annual reports. The use of public data will also enhance validity since similar results may be obtained if this research is replicated (Malhotra and Birks, 2007) . Where possible and necessary we emailed organizations for additional (publicly available) information.
A key constraint for establishing our research sample was that public sources could be found about warehouse locations of humanitarian organizations. Furthermore, the organizations needed to have at least a regional or preferably a global scope. We used Reliefweb (www.reliefweb.int) and a list of non-governmental organizations of Global Corps 1 , to compile a list of 32 humanitarian organizations . Not all major organizations could be put on the list due to absence of any relevant supply chain information. The list can be found in the Appendix 1. Reliefweb is part of the United Nations Office for the Coordination of Humanitarian Affairs. They function as a digital platform to provide reliable disaster and crisis updates to humanitarians. The next step was to determine the current warehouse locations of those organizations. These warehouse locations were determined by analyzing annual reports and websites of the humanitarian organizations listed in Appendix 1. After identifying the current warehouse locations, these locations were grouped per country. This way we were able to use country-based information such as the Enabling Trade Index (by the World Economic Forum) or Logistics Performance Index (by the World Bank) to rate locations. Below we discuss the operationalization of the location factors.
For the factor 'infrastructure' we used the Enabling Trade Index to rate countries on the quality of institutions, policies, infrastructures and services facilitating the free flow of goods over borders and to their destination. The four main categories of this index are: market access, border administration, infrastructure and operating environment. These four main categories are further divided into subcategories (pillars). The categories used for this research will be infrastructure and availability and quality of infrastructure (pillar 4). This pillar measures the quality of the infrastructure of different transportation modes: road, air, railroad and sea transport (Global Enabling Trade Report 2014).
Information about the Logistics Performance Index (LPI) will be retrieved from the country scorecard of the World Bank. 2 The World Bank is an institute that plays a vital role in financial and technical assistance to developing countries. In addition, the World Bank provides several reports such as reports that contain the LPI. For this research the Logistics Performance indexes of infrastructure and logistic performance will be used.
Other information that will be retrieved from the World Bank is information for the factor 'labor quality and availability' of a country. Four factors will be used to measure this factor 3 : labor force (i.e., people ages 15 and older meeting the International Labour Organization definition of the economically active population), participation rate (i.e., the proportion of the population ages 15 and older that is economically active) and unemployment rate (the share of the labor force that is without work but available for and seeking employment). The fourth factor is 'Labor Market Efficiency', which indicates how efficient countries allocate their workers with regard to their most effective use and providing the incentives for them to give their best efforts in their jobs (Global Competitiveness Report 2006 -2013 .
The factor, 'political environment' is measured with the Global Peace Index. The Global Peace Index ranks countries according to their level of peace. This ranking is based on 22 qualitative and quantitative indicators, which cover three broad themes: the level of safety and security in society, the extent of domestic or international conflict and the degree of militarization (GPI Report 2013). In 2013 this ranking consisted of 162 independent countries or states.
The characteristics unique to the location are operationalized by the number of incidents that affects the location (number of hazards as well as number of affected people). We use data from The international Disaster Database EM-DAT, which is part of the Centre for Research on the Epidemiology of Disasters (CRED). Data of the last ten years will be used for this research. The disasters are divided into two types: natural and technological disasters. Besides the number of affected people, the number of hazards will be provided, since this will show the proportion of the number of affected people to the number of hazards. The criteria for being incorporated in the EM-DAT database are: 10 or more people are reported as killed, 100 people are reported affected, a call for international assistance is made and/or a declaration of a state of emergency is made. At least one of these criteria has to be fulfilled for a disaster to enter the database. Table 2 presents the overview of how the selected factors are going to be measured. 
4: Result & Analyses
Of the 32 humanitarian organizations incorporated in our analysis we had to discard four organizations that do not (actively) operate a warehouse (amongst others Partners in Health and the Emergency Nutrition Network (ENN). For seven other organizations the warehouse locations could not be identified based on public information (e.g. Caritas, Food For The Hungry International (FHI), Habitat for Humanity, and Hunger Plus Inc.), due to the lack of complete information on their websites and a lack of response to emails to humanitarian organizations sent to obtain this information. This left us with 21 remaining organizations, of which 11 are a member of the United Nations Humanitarian Response Depot (UNHRD) network. Figure 1 shows the geographic distribution of warehouse locations from 21 different organizations.
The color of the pins in Figure 1 represents the number of organizations that have a warehouse at that location. For example, 16 organizations have a warehouse at the red pins (Dubai). Figure 1 shows that the warehouses are spread all around the world. Each continent has at least one warehouse location. A complete table including the exact number of warehouses per organization is presented in Appendix 2. Figure 2 presents the number of organizations that have a warehouse location by country. The humanitarian organizations we investigated have warehouse locations in 27 different countries. The UNHRD network represents five countries: United Arab Emirates (Dubai), Panama, Italy, Ghana and Malaysia. The presence of a UNHRD facility most likely explains why these five countries also have the highest number of warehouses in Figure 2 . We incorporated in total 109 warehouses in our study and 69 of these warehouse locations (from 11 different organizations) are part of the UNHRD network 5 . UNHRD offers free warehouse storage space and logistical support to humanitarian organizations that are member of the UNHRD network (Duran et al., 2011) . The fact that many organizations locate their relief items in the UNHRD network is an indication that they do take costs into account when making location decisions. This is in line with Richardson et al. (2016) and MacCarthy & Atthirawong (2003) , who both argued that costs make up a dominant factor in location choice.
In our analysis we will only focus on the countries that have locations of two or more organizations. This leaves 11 countries, namely United Arab Emirates (Dubai), Panama, Italy, Ghana, Malaysia, United States, United Kingdom, Kenya, El Salvador, Indonesia and Vietnam. We analyzed the countries using the factors described in table 2.
The first factor is infrastructure. Assessing the infrastructure will be divided into two parts: an assessment of the distance to airports and seaports, and an analysis of the Enabling Trade Index (ETI) and the Logistic Performance Indicators (LPI). For the first part we identified the main airports and seaports of all countries in the sample. We then calculated the distance from the warehouse to the nearest air-and seaport. Sometimes the nearest airport was not the largest or most commonly used airport in the country, so the distances from the warehouse to 5 Note that these 69 warehouses are not actually 69 different locations. For example: 13 organizations have a warehouse location in Italy (see figure 2 ), but for all those organizations this location is Brindisi. 
Number of orgaizations
Number of organizations per country the largest airport were measured. Table 3 presents the distances of the warehouses to the nearest air-and seaports. A complete overview of these distances, transportation times, warehouse addresses and the names of the sea-and airports can be found in the Appendix 3. Table 3 shows that in almost each country the humanitarian warehouses are less than 50 kilometers away from a major airport. This shows that it is an important factor for a warehouse to be close to an airport, because when disaster strikes it can be crucial to get the supplies in a short time. Three warehouse locations are even located at the airport. Seaports, on the other hand, are often much further away from the main warehouses. Only five of the eleven locations are closer than 50 kilometers to a seaport, which shows that the distance to a seaport is less important when choosing a warehouse location. One may conclude from this that humanitarian organizations choose access to fast delivery over access to low costs.
The second part of assessing infrastructure will be done by means of two indices. The subjects that will be assessed with the Enabling Trade Index (ETI) are the infrastructure in total and the availability and quality of the infrastructure (pillar 4 of the ETI). The ETI scores 138 countries between one and seven, whereby one is the lowest possible score and seven is the highest. The subjects that are assessed with the Logistics Performance Indicator (LPI) are: Infrastructure and Logistics quality and competence. The LPI uses a scale between one and five, where one is the lowest score and five the highest. Table 4 presents the ranks and scores of the countries in scope. The rank is based on the ETI's overall ranking of infrastructure out of 138 countries (third column in Table 4 ). When looking at all the ETI scores the top five countries are: United Kingdom, United States, Dubai, Malaysia and Italy. When looking at the LPI scores of infrastructure in general and the competence and quality of logistics services (e.g. transport operators, custom brokers), we see the same countries in the top five. This shows that these five countries have the best infrastructure and logistics quality and competence of the warehouse locations in scope. This is not a surprise, because compared to the remaining six countries these five are most developed, hence a better quality of infrastructure. A remarkable point in this table is that one of the UNHRD locations, Ghana, has among the worst scores of all countries. The second factor we analyzed is quality and availability of labor. To measure this factor, information provided by the World Bank was used. Labor quality is divided into three parts: the total labor force, the total participation rate and the unemployment rate. Everyone who is older than 15 and who meets the Labour Organizations definition of the economically active population belongs to the total labor force. The participation rate is the proportion of the population ages 15 and older that is economically active. The unemployment rate means the percentage of the total labor force that is without work but available for and seeking employment. The labor market efficiency (which indicates how efficient countries allocate their workers with regard to their most effective use and providing the incentives for them to give their best efforts in their jobs) is reflected by means of a score between one and seven, where one is the lowest and seven the highest possible score. Table 5 provides an overview of the corresponding scores. The ranking is based on the participation rate of the country. When looking at the total workforce in the countries in scope the United States has the largest workforce and Panama the smallest (158.686.472 people in the USA compared to 1.777.005 people in Panama). We also observe that the participation rate varies from 79 percent in Dubai to 49 percent in Italy. This means that in Italy, more than half of the total work force is not economically active. Italy also has the highest unemployment rate and the lowest efficiency rate of the countries in the table, which may negatively influence the decision to locate a warehouse in Italy. Except for the smaller size of the work force available Dubai received high scores. In the remaining rankings they are in the top four. Vietnam is in the top three on all rankings, except for the labor market efficiency (6 th ), which makes Vietnam a favorable potential warehouse location. The United Kingdom has the highest labor market efficiency, but their unemployment rate is rather high compared to the other countries. All the other countries are in the middle, and therefore no conclusion can be drawn. The third factor is the political environment. This will be measured by means of the Global Peace Index, which ranks countries according to their level of peace. Table 6 presents the Global Peace Index of 2013 in order of the highest index for peace to the lowest. Eight out of the eleven countries in scope are ranked within the first 60 (out of 162) countries with highest peace index, which is a quite positive observation. If the peace index is high, it will be more unlikely to encounter problems when one needs to distribute supplies from a warehouse. Also if a country is stable it is more safe for humanitarian organization to ask help from the local people, which is highly needed when a disaster strikes. All five UNHRD warehouse locations are in a country with a high peace index. The difference between the first ranked and the last ranked of the 11 countries in scope is considerable: 29 th (Malaysia) and 136 th (Kenya).
Although the countries with the largest number of warehouses are very safe it does not seem a common practice to locate warehouse in only the safest countries. The last factor that we will analyze is a country specific characteristic: number of affected people and number of hazards. To provide a clearer overview of the affected number of people, a distinction will be made between natural and technological hazards. Only the numbers of the last ten years (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) will be presented. Table 7 provides an overview of the number of people affected per type of hazard as well as the total amount of people affected. The rank order is from the country with the smallest number of people affected to the country with the largest number of affected people. We also present number of hazards in Section 5: Discussion, conclusions, limitations and future research
The goal of this paper was to empirically verify characteristics of warehouses locations of humanitarian organizations. The characteristics analyzed were derived from Richardson et al. (2016) and MacCarthy and Atthirawong (2003) . We investigated 21 organizations of which public information was available. The locations of the warehouses of these organizations are spread all around the world: each continent has at least one warehouse location and some countries host multiple organizations with warehouse locations.
A first observation is that good infrastructure is an important characteristic of the warehouse locations of the humanitarian organizations we investigated. Locations in our sample all have good access to airports. Because the first 72 hours after a disaster are critical for effective response and affected areas are often difficult to reach an infrastructure that facilitates speedy response is important. Most locations investigated were not very close to a seaport. Only 5 out of 11 locations were within a distance of 50 km of a seaport. However, the first response is most of the times done using aircraft, making the distance to airports more critical. As argued by Richardson et al. (2016) the ability to provide quick response to disasters is a key consideration in facility location.
We also observed that humanitarian warehouse locations we investigated are in the top 60 safest countries (out of 162) so therefore safety seems to be a consideration. Organizations have located their facilities in relatively safe areas. We furthermore found that in many cases facility locations are away from disaster-prone regions. A good example of this is the presence of many organizations in Dubai, which is a place that is hardly hit by disasters but which has a very good infrastructure, but also has good access to resources (cf. de Leeuw, Kopczak, & Blansjaar, 2010 ).
Although we cannot draw statistically supported conclusions our results show that many (large) organizations use UNHRD facilities as a warehouse location. A driver that contributes to this is the fact that UNHRD offers the location for free to UNHRD members. We therefore expect that costs are an important driver for warehouse location decisions, as also identified by Richardson et al. (2016) . Our findings thereby are in support of Duran et al., (2007) , who already stated that the UNHRD network provides free warehousing and free warehousing, making the implementation of a pre-positioning network financially and logistically better feasible. This result is most likely related to the fact that a significant portion of our sample co-locates their products at UNHRD premises. This also indicates that organizations prefer to cluster warehouse activities, particularly when there is no fee involved for using the warehouse (such as in the UNHRD network). As a result, the presence of humanitarian organizations in a certain location will have a positive influence on other organization to locate their facility there as well. When doing this they can create opportunities for collaboration and coordination with the other organizations (Richardson et al., 2010) . Collaboration is not just important for commercial logistics but also for humanitarian logistics (Beamon, 2004; Van Wassenhove, 2006) . We unfortunately cannot draw conclusions with regard to the factors labor quality and availability and the political environment (measured with the Global Peace Index) since we could not observe large differences between locations.
Summarizing, our results show that humanitarian warehouses are often located in areas with good quality and availability of infrastructure (all warehouse locations were within a distance of 50 km of an airport, implying that access to other locations is good), and a relatively safe area that is not vulnerable to disasters. We can thereby confirm that a number of key location factors identified by Richardson et al. (2016) indeed seem to represent actual warehouse locations and therefore most likely affect location choice.
Our research comes with limitations. Unfortunately, not all warehouse locations of the major organizations could be located due to lack of public information available. Future research may aim to expand the information presented here and to include additional organizations where possible in order to provide an as complete overview of factors as possible. Expansion will also allow for statistical analysis of data, something that was impossible in this study given the limited amount of data available for comparison purposes. We furthermore did not include locations with only 1 organization present. Last, we did not make a difference between large and small organizations (e.g. in terms of facilities required) nor did we differentiate between foci of the organization in terms of product or type of activity that needed to be supported by facilities. Future research may aim to further detail this. 1) Action Against Hunger ( 
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